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A 组 16 型（CA16）和肠道病毒 71 型（EV71）为我国近几年手足口病的主要
病原体。CA16 感染导致的 HFMD 症状相对较轻，病程多为自限性，但也有研
究显示其与心肌炎、心包炎及其它严重疾病相关，并有少量 CA16 感染致死的报
道，因此有必要增强对 CA16 的了解及防控技术研究。目前尚未有成熟的 CA16
快速诊断试剂和预防疫苗，因此开发相关诊断试剂与疫苗对于手足口病的防治具
有重要意义。本研究目的是建立 CA16 病毒的分离鉴定技术平台，获得较为完整
的 CA16 病毒库；分析 CA16 分离株与不同国家、地区和不同时期 CA16 分离株
的进化关系；建立优化的新型 CA16 中和抗体检测方法，并将其应用于 CA16 单
克隆抗体的筛选、CA16 和 EV71 交叉中和反应的研究；建立 CA16 病毒规模化
培养、浓缩及纯化的技术路线，初步评价 CA16 病毒的免疫原性。本研究结果将
为 CA16 防控研究和疫苗研制提供重要的基础和工具。 
本研究建立了 CA16 病毒分离鉴定技术平台，通过对厦门地区 120 份手足口
病标本的分离鉴定，获得 41 株 CA16 病毒株，其基因型别主要为 CA16 B1a 和
B1b 基因亚型，初步建立了 CA16 病毒库。本研究进一步对 CA16 VP1 序列的系
统进化树分析，比较 20 株 CA16 分离株与 GenBank 中不同 CA16 代表株的进化
关系。同时，也分析 5 株厦门地区 CA16 分离毒株的全长序列与来自世界不同国
家地区和不同时期代表毒株的进化关系，并对其 5’UTR 和 3’UTR 保守区段的同
源性进行分析。研究结果可为厦门地区 CA16 病毒代表株的选择提供基础。 
另一方面，本研究建立了一系列 CA16 鉴定的方法，包括 CA16 滴度检测方






















法应用于 CA16 和 EV71 抗血清和单抗的交叉中和能力的研究，结果显示，单独
感染的 CA16 和 EV71 抗血清不存在明显的交叉中和，目前筛选获得的中和单抗
尚不能够可同时交叉中和 CA16 与 EV71。 
本研究进一步对 CA16 病毒的规模化培养、浓缩和纯化工艺进行了摸索，初
步建立了 CA16 病毒的规模化生产，浓缩和纯化的工艺路线。目前 已获得了 10140 
mL滴度为 106.875TCID50的病毒液，经初步浓缩纯化获得完整的CA16病毒颗粒，
为 CA16 检测试剂盒和候选疫苗研发提供了重要原料。本研究也比较了 CA16 的
不同灭活方法的灭活效果，同时对 BPL、HCHO 和 HEAT 三种灭活方式灭活的
免疫原性变化做了考察，初步评价了 CA16 病毒的免疫原性。上述研究结果为后
期的 CA16 预防疫苗研发工作提供重要的基础和参考。 
 

















Hand-foot-mouth disease (HFMD) is popular in children, which is caused by 
many enteroviruses.Coxsackievirus A Group 16 Strain (CA16) and Enterovirus 
71( EV71) are the main agents of HFMD in china these years.The symptoms caused 
by CA16 are not so severe that it’s usually self-limiting.However,there are reports 
showing that it’s related to myocarditis, pericarditis, and other serious 
illnesses.Moreover, a small amount of fatal cases caused by CA16 are reported.So it is 
necessary to enhance the understanding of CA16 and to develop the prvention of 
CA16.    There are no diagnostic reagents and effective vaccines against CA16 now, 
so the development of CA16 diagnostic reagent and vaccine is of great meaning to the 
prevention and control of HFMD.The purpose of this research is to build a platform 
for CA16 isolation and identification,to acquire an intact panel of CA16,to analyse the 
evolutionary relationships between islation of CA16 and that from different countries 
and areas in different time, to optimize the new neutralizing method for CA16 dection 
and apply it to monoclonal antibody screening and research of cross-reaction between 
CA16 and EV71,and to establish a technological flow of large-scaled 
culture,concentration and purification of CA16,to assess the immunogenicity of CA16. 
All these work will make a good contribution to providing tools for the prevention 
and control of CA16 and invention of CA16 vaccine. 
In this research, a platform for CA16 isolation and identification was established. 
Through laborious work on isolation of 120 HFMD samples from XIAMEN area,20 
strains of CA16 were obtained.The genotypes among them are B1a and B1b. A panel 
of CA16 strains was preliminarily built.Further more，phylogenetic tree analysis was 
conducted base on VP1 gene secquence,to compare evolution relationship among 16 
CA16 isolaion strains and others from GenBank. Meanwhile,analysis was also 
conducted among 5 CA16 isolations with the whole genome secquence and those 
from from different countries and areas in different time,and analysis of the homology 
of the 5’UTR and 3’UTR conservative section.The result of these analyses can 
provide basement for secltection of representative CA16 strains in XIAMEN. 
















detecting method , immunofluorescnce，CA16 neutralizing antibody detection method. 
These methods can specifically identify CA16 in a short time and test the virus titre 
and neutralizing antibody titer .On the same time, the new method of quick，
high-throughput CA16 neutralizing method was optimized,mainly including cell 
type ,cell density, edge effect and determination of neutralizing titer,with a purpose of 
improving applicability of this method and enhancing relevancy with tranditional 
method. After that,it’s applied to monoclonal antibody screening test of neutralizing 
antibody.Until now, 30 strains with high neutralizing titer out of 238 were 
obtained.Besides, a research on cross-reaction between anti-serum and mono-antibody 
of CA16 and EV71 was conducted.As the reslut shows, there is not obvious 
cross-neutralization in anti-serum infected with CA16 or EV71 alone.The neutralizing 
antibodies acquired now can not cross neutralize CA16 and EV71. 
The last but not the least, an explorer on process of large-scale production, 
concentration and purification of CA16 was conducted. The technological process of 
large-scale production, concentration and purification of CA16 was preliminarily 
established.By now,virus solution of 10140ml with a titre of 106.875TCID was 
produced.Through intial concentration and purification,intact CA16 viron was 
obtained.It can be important raw material for CA16 detection kit and vaccine 
candidate.A comparision of different inactivation method was made.Moreover, 
change of immunogenicity under three different inactivaion methods including BPL 
HCHO and HEAT was investigated and immunogenicity of CA16 was assessed too. 
This work can provide foundation and consult for the research and development of 
CA16 vaccine later. 


















HFMD：Hand, foot and mouth disease，手足口病 
EV：enterovirus， 肠道病毒 
EV71：Enterovirus 71， 肠道病毒 71 型 
CA16：Coxsackievirus A16，柯萨奇病毒 16 型 
UTR：Untranslated Region，非编码区 
ORF: Open reading frame，开放阅读框 





kb：kilo base pair，千碱基对 
kD：kilo Daltons，千道尔顿 




TCID50：Tissue culture infective dose，半数组织感染剂量 
Elispot：enzyme linked immunospot assay，酶联免疫斑点法 
Elisa：Enzyme-linked immunosorbent assay，酶联免疫吸附实验 
RT-PCR：Reverse transcription polymerase chain reaction ，反转录聚合酶链  
式反应 
PH：hydrogen ion concentration，氢离子浓度指数 
CD55：Decay accelerating factor，促衰变因子 
2Apro：2A proteinases，2A 蛋白酶 
















CNS：central nervous system，中枢神经系统 
cDNA：Complementary DNA，互补 DNA 
mRNA：Messenger RNA，信使 RNA 
CFT：complement fixation test，补体结合实验 




















CA16（Coxsackievirus A Group 16 Strain，CA16）全称柯萨奇病毒A组16型
病毒，属于小核糖核酸(Ribonucleic Acid，RNA)病毒科(Picornaviridae)，肠道病
毒属(Enterovirus)的成员，是手足口病(Hand Foot and Mouth Disease，HFMD)的常
见病原体之一[1]。 1958年，加拿大Robinson从患者粪便和咽拭中分离出柯萨奇病
毒，同时患者血清抗体有四倍增长，初步认为Cox A16为本病病原。[2]后来的研
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